
This Page Is Inserted by IFW Operations

and is not a part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of

the original documents submitted by the applicant.

Defects in the images may include (but are not limited to):

• BLACK BORDERS

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES

• FADED TEXT

• ILLEGIBLE TEXT

• SKEWED/SLANTED IMAGES

• COLORED PHOTOS

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS

• GRAY SCALE DOCUMENTS

IMAGES ARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,

please do not report the images to the

Image Problem Mailbox.



PAGE BUNK



PTO/SB/21 (08-03)

Approved for use through 07/31/2006. 0MB 0651-0031

U.S. Patent and Trademarit Office; U.S. DEPARTMENT OF COMMERCE

# %IANSMITTAL
^.'^ 1) FORM

^ (to be us^Ssr all correspondence after inW^

Application Number
10/707.227

Filing Date
November 28, 2003

First Named Inventor
Rafael NADAL GUARDtA

Group Art Unit
2812

Examiner Name

Total Numt>er of Pages in This Submission

Attorney Docket Number
014442-000013

ENCLOSURES (check all that apply)

Fee Transmittal Form

I I Fee Attached

Amendment / Reply

After Final

Affidavits/declaration(s)

13

Extension of Time Request

Express Abandonment Request

Information Disclosure Statement

Certified Copy of Priority

Documents

Response to Missing Parts/

Incomplete Application

I I Response to Missing Parts

under 37 CFR 1 .52 or 1 .53

Drawing(s)

LIcenslng-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attomey, Revocation

Change of Correspondence

Address

Terminal Disclaimer

Request for Refund

CD. Number of CD(s)

Remarks

After Allowance Communication

to Group

Appeal Communication to Board

of Appeals and Interferences

Appeal Communication to Group

(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please

identify below):

Reply Postcard

SIGNATURE OF APPLICANT, ATTORNEY. OR AGENT
Firm

or

Individual Name

Date

STEVEN B. PHILLIPS
MOORE & VAN ALLEN

APRIL 5. 2004

CERTIFICATE OF TRANSMISSION/MAILING

1 hereby certify that this con^espondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service

with sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450 on the date shown below.

Typed or printed name
Patricia L. Pontello

Signature Date April 5, 2004

This collection of infonnation is required by 37 CFR 1.5. The infonnation is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 1 22 and 37 CFR 1.14. This collection is estimated to 12 minutes to complete, including gathering,

preparing, and submitting the completed application fomn to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for redudng this burden, should be sent to the Chief Infomr^tion Officer. U.S. Patent and Trademark Office.

U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call 1'800-PTO-9199 and select option 2.

DUR1\359729.

1



THIS PAGE BLANK asm



Europdisches
Patentamt

European
Patent Office

Office europien
des brevets

Bescheinigung Ceiiificate Attestation

Die angehefteten Unterla-
gen stimmen mit der
ursprOnglich eingereichten-
Fassung der auf dem nach-
sten Blatt bezeichneten
europciischen Patentanmel-
dung uberein.

The attached documents Les documents fix^s

are exact copies of the cette attestation sont
European-patent application conformes a la version
described on the following initialement d6pos6e de
page, as originally filed. la demande de brevet

europ6en sp6clfiee k la

page sulvante.

Patentanmeldung Nr. Patent application No. Demande de brevet n'

02026803-3

Der Prasident des Europaischen Patentamts;
Im Auftrag

For the President of the European Patent Office

Le President de I'Office europ^en des brevets
p.o.

R C van Dijl<

EPA/EPO/OEB Form 1014.1 - 02.2000 7001014



THIS PAGE BLANK
(uspto)



Europaisches
Patentamt

European
Patent Office

Office europten
des brevets

Anmeldung Nr:

Application no.:

Demande no:

02026803.3
Anmeldetag:

Date of filing:

Date de d^pot:

28. 11.02

Anmel der/Appl 1cant( s)/Demandeur( s)

:

Infineon Technologies AG
St . -Martin-Strasse 53
81669 Munchen
ALLEMAGNE

Bezelchnung der Erf 1 ndung/TI tie of the 1 nventi on/TI tre de 1' Invention:

(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung.

If no title Is shown please refer to the description.

SI aucun titre n'est 1nd1qu6 se referer & la description.)

Semiconductor device for detecting and adjusting a threshold value variation

In Anspruch genommene Prlorlat(en) / Priori ty( 1 es) claimed /Pr1or1t6(s)

revendl qu6e( s)

Staat/Tag/Aktenzelchen/State/Date/FI le no./Pays/Date/Num^ro de d^pot:

Internationale Patentklasslfl kati on/International Patent Classification/

Classification Internationale des brevets:

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SK TR

G05F/

Am Anmeldetag benannte Vertragstaaten/Contractl ng states designated at date of

flllng/Etats contractants d^slgn^es lors du d^pot:

02026803.3

EPA/EPO/OEB Form 1014.2 - 01.2000 7001014

2



THIS PAGE
BLANK (MS""^

i

'4



S2028

_ 1 _ EPO- Munich
55

Z a Nov. TSSJH

Description

Semiconductor device for detecting and adjusting a threshold
value variation

The present invention generally relates to a semiconductor
device and more specific to a, semiconductor device for

detecting and adjusting a change of the threshold voltage
value of an integrated semiconductor device implemented in

sub-micron technp.lojgy:, i_-e- .transistors/ and a methp.d_r.e.lajtje.d_

thereto.

Recent measurements taken on NMOS and PMOS transistors

implemented in sub-micron technologies (particularly below
130 nm channel length) have shown a great dependence of the

threshold voltage values of the transistors on the channel
-length. Transistors realised in sub-micron technology provide
a channel length below 1 pm. Figure 1 shows a cross-section
of a state of the art NMOS transistor in sub-micron
technology on a bulk or wafer 6. The distance between n-

doped-source 1 and -drain 2 under gate 3 in a p-doped-well 5

is referred to as the channel length 4. A small channel
length variation that may be caused by tolerances in the

fabrication process , can shift the threshold voltage value
around 80 mV. Figure 2 shows the qualitative evolution of the
threshold voltage value versus the channel length L in

logarithmic scale. When minimum length transistors with low

threshold voltage values (Vt) are implemented (with Vt in the

range from 0 mV to 4 00 mV) , a small variation of the channel
length has great impact on the threshold voltage value (see

Fig. 2) . This effect is referred to as Short Channel Effect.

Therefore, the threshold voltage value shift due to the

uncertainty introduced in the channel length has a great

impact in the performance of the device. Moreover, the impact
on the performance of the circuits provided with these

transistors is also highly affected in terms of static and

dynamic terms. For digital circuits, static and dynamic power
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consumption increases and the performance in terms of speed
is also affected. With regard to these problems, it is
necessary to implement any kind of strategy capable to
determine a change in the threshold voltage value Vt caused
by variations in the channel length of minimum length devices
(NMOS and PMOS transistors)

.

Besides of the shifting in Vt due to variations in the
channel length Vt can also change by reason of the doping
dose used to .implant—the_channel.._ox._ a change in the_thi.akn_as_s
of the gate oxide. These two technology parameters, the
doping dose and thickness of the oxide, will determine the
status of the transistors. Three different status are
allocated, ''fast'', ''nominal" and "slow" corresponding to
small, nominal and high value of Vt, respective'ly . Short
channel effects can appear in any of these statuses of the
technology.

Several strategies have been reported to establish a certain
well potential bias in digital circuits when this bias is
necessary. Well-known strategies are based on delay lines and
off current detection. Delay lines are formed by several
transistors in series. Therefore, a change of the Vt value of
the transistors changes the introduced delay. In dependence
of the introduced delay the well potential bias is applied.
The strategy based on delay lines can also be realised using
critical path replicas. US 6,091,283 describes a sub-
threshold leakage tuning circuit which aims to compensate for
process, activity and temperature-induced device threshold
variations in a semiconductor circuit having a transistor, a
potential of the gate wherein the transistor is held to a
preset subthreshold potential and a channel current of the
channel region is compared with a reference current to obtain
a comparison result. A bias potential of a substrate is
adjusted according to the comparison result to hold the
subthreshold current at the reference current. The reference
current is provided by a separate reference source. The
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device under test (DUT) is configured in a circuit in which

the current is compared with said isolated reference current.

The proposed method does only provide a solution for

compensation for changes in device characteristics across

process and temperature

.

Another well-known strategy is based on detection of the off

current. However, most of these strategies require the use of

reference devices in order to establish a fixed ratio between

—the—current in the device under_tes.t_and- .the current in ,

reference device.

It is thus an object of the invention to provide a

semiconductor device and a method capable to detect the*

change of Vt due to short channel effects or due to a ^change

towards the fast status of the technology whereby ho-t
4

requiring reference circuit with highly stable^ and very well

known devices. It is further an object of the 'invention to

provide a semiconductor device and a method to adjust the Vt

value by means of well potential control.

The object of the invention is solved by a semiconductor

device that comprises a test circuit containing at least one

transistor as a device under test (DUT) having a drain, a

source, a gate and a channel region under the gate between

the drain and the source in a well with a short channel

length, a reference circuit providing a fixed reference

voltage value, a bias circuit applying a bias voltage to the

gate of the device under test (DUT), a current circuit

providing a fixed current to the drain of the device under

test (DUT) , a comparator circuit comparing the voltage at the

drain of the test circuit with the output of the reference

circuit and providing a comparison result.

The new method is based on the use of a DUT or a set of

devices under test connected in parallel, implemented with

minimum length, which are compared with a reference circuit
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that provides a fixed voltage. The reference circuit is
advantageously realised by a voltage source with a constant
output voltage. In contrast to known semiconductor devices,
the device under test (or a set of parallel DUTs) is not
compared with a reference device. According to the present
invention the control of the well potential is not
established by means of comparison of the DUT with a
reference device so that it is not necessary to have highly
stable and very well known reference devices. In the proposed
-i-nvent-i-on—no-—reference -devices are required-/—but_s-impl-y. a
fixed. voltage is taken as a reference for any kind of
operating temperature and operating conditions. A proper
circuit design in the proposed semiconductor device according
to the present invention allows detection of the variation of
Vt corresponding not only to short channel effects, but 'also
to the fast status of the transistor. All changes in ,Vt are
detected whatever is the origin.

/

Some preferred and advantageous developments of the inventive
semiconductor device are adduced in the dependent claims.
According to the present invention, no cut-off or saturation
currents are measured. But the Vds voltage drop of the device
under test (or a set of devices under test connected in
parallel) is measured when a fixed current is injected in the
drain of the DUT by the current circuit. The DUT is operated
as a switch in which the input voltage is the well potential
and the gate-to-source voltage is fixed. In the semiconductor
device of the proposed invention the bias voltage supplied to
the gate of the DUT is provided by a bias circuit whereby the
gate is preferably supplied with a value close to the
threshold voltage value of the transistor. When the Vt
changes, the transistor can switch because of the input
voltage supplied to the well. If the Vt does not decrease
enough or increases, the applied voltage in the well changes
the Vt but not enough to allow the transistor to change the
operating region from cut-off to saturation and thus no
change in the output of the test circuit is detected by the
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comparator. Moreover, the change in the equivalent resistance

of the transistor due to a change in the regime of operation

is easily detected monitoring the voltage drop due to the

fixed current injected in the drain of the DUT. The bias

5 circuit preferably comprises a bandgap reference circuit that

provides a constant voltage.

Advantageously, the current circuit comprises a current

source and a current mirror circuit connected between said

10 current -source—and~the drain contact of the DUT-—^With—the ~

temperature independent current mirror between the current

source and the drain contact of the DUT, the current provided

by the source is copied into the DUT.

/

15 ' Adjustment of the threshold voltage is carried out comparing

the output voltage of the test circuit and the reference

voltage. When the output voltage of the test circuit is

higher than the output voltage of the reference /circuit the

well potential of the DUT is not adjusted. When the output

20 voltage of the test circuit is smaller, the well potential is

decreased for the NMOS DUTs and increased for the PMOS DUTs

.

The well potential is changed up to the point in which the

output of the test circuit is equal to the output of the

reference circuit

.

25

In a preferred embodiment a well potential generator is

provided for generating a well potential, whereby said well

potential generator is coupled to the output of the

comparator circuit receiving the comparison result as an

30 input and to a well contact of the DUT for applying the well

potential as an output. The well potential generator allows

the semiconductor device according to the invention to

control the current consumption by adjusting the well

potential to a desired value. Preferably, said well potential

35 generator comprises a charge pump as a voltage source. Thus,

the well potential generator applies the well potential to

the well contact of the DUT when the received comparison
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result indicates that the output voltage of the test circuit
is smaller than the output voltage of the reference circuit,
preferably up to the point in which the received comparison
result indicates that the output voltage of the test circuit
is equal to the output voltage of the reference circuit.

In a further development of the inventive semiconductor
device said well potential generator comprises a voltage
source for providing a fixed potential to the well of the DUT

- -and the well of _fur-ther_de_v_ic.es of^ a_.digital. circuit jvher_ej.n_
said digital circuit is integrated in the semiconductor
device

.

When the online detection of the Vt variation is implemented
in a die with other digital circuits, the adjustment of the
well potential can be carried out for all the devices in each
circuit. By doing so, the current consumption during the
dynamic operation would be reduced without penalty on the
designed performance of the circuits. The performance is not
degraded because the circuits are designed to properly work
in the nominal status of the transistor. When a well
potential is applied the Vt value increases so that the
adjustment would be addressed to shift the DUT from fast to
nominal status. As the Vt of the other devices is also
increasing, the other digital circuits have less leakage
current in state and dynamic operation. It is understood that
said well potential generator can be implemented on the same
bulk or substrate as the test circuit but may also be an
external circuit.

The object of the invention is also solved by a method for
detecting variations of the threshold voltage Vt in a
semiconductor device in sub-micron technology comprising a
test circuit containing at least one transistor as a device
under test (DUT) having a drain, a source, a gate and a
channel region under the gate between the drain and the
source in a well with a short channel length. Said method
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comprises the steps providing a fixed reference voltage value

by a reference circuit, applying a bias voltage to the gate

of the device under test (DUT) by a bias circuit, providing a

fixed current to the drain of the device under test (DUT) by

a current circuit and comparing the voltage at the drain of

the test circuit with the output of the reference circuit and

providing a comparison result by a comparator circuit.

Without limiting the scope of protection a preferred

embodiment of the general—invention is. explained with

reference to the accompanying drawings, which show in

Fig. 1: a cross-section of an NMOS transistor from^ the

state of the art, /

'

Fig. 2: a diagram of the qualitative evolution of the

-threshold voltage value versus the channel length,
/

Fig. 3: a block diagram of the proposed detection method
for threshold voltage variations due to short channel effects
whereby the configuration is based on NMOS DLJTs,

Fig. 4: a block diagram of the proposed leakage current

control method whereby the configuration is based on NMOS

DUTs,

Fig. 5: a block diagram of the transistor configuration using

a cascade current mirror to inject the current in the DUT,

Fig 6: a diagram showing the values of the voltages at the

input of the comparator when a temperature dependent current

source is used to bias the current mirror.

Fig 7: a diagram showing the values of the voltages at the

input of the comparator when a bipolar transistor is used to

generate the injected current.
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Fig 8; a diagram showing the values of the voltages at the
input of the comparator when a diode is used to generate th
injected current and

Fig 9: a block diagram showing a closed loop configuration
automatically adjust the Vt value.

As shown in Fig. 3, three constitutive circuit blocks are
required for detecting the Vt value variations. A first
ei-reui-t^block-wi-th a -device under—test—(Dy-T-)—-a—second
circuit block providing a reference fixed voltage value and
third circuit block with a comparator for comparing the
outputs of the test circuit and the reference circuit. The
comparator provides a comparison result at its output. The
gate contact of the DUT in the test circuit is coupled to a
bias circuit of the DUT that provides a bias voltage. The
drain contact is coupled to current circuit in which a
current source provides a current injected into' the DUT. The
circuits are integrated on one wafer.

According to the present semiconductor device the DUT is
operated as a switch, which has as an input voltage the well
potential. The potential at the gate is fixed to a value
close the threshold value of the transistor (DUT) by the bias
of the DUT. When the Vt changes the transistor is able to
switch because of the input voltage applied to the well. If
the Vt does not decrease enough or increases, the applied
voltage in the well changes the Vt only to a small extend but
not enough to allow the transistor to change the operating
region. Thus, no change in the output of the test circuit is
detected by the comparator. Moreover, the change in the value
of the equivalent resistor representing the transistor caused
by a change in the regime of operation is easily detected by
monitoring the voltage drop due to the injected fixed
current

.
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In order to control the current consumption of the circuit a

change in the Vt value has to be detected and adjusted by a

system capable to adjust the well potential to the desired
value as it is shown in Fig. 4. The well potential can be

applied by a charge pump in a well potential generator, for

instance. The well potential generator receives as an input

the comparison result provided by the comparator and is

coupled to a well contact of the DUT. Adjustment of the
threshold voltage is carried out comparing the output voltage

_of—the—tes-t.-circuit and the reference—fixed—voltage value.

When the output voltage of the test circuit is higher than
the reference fixed voltage value, the well potential of the

DUT is not adjusted. When the output voltage of the test
circuit is smaller, the well potential is decreased. for NMOS
DUTs and increased for PMOS DUTs. The well potential is

changed up to the point in which the output of the test
circuit is equal to the output of the referenc^-' circuit . The

comparator would switch on or switch off the well potential
generator. The generated well potential is not only applied
to the well contact of the DUT but also to the well contacts
of other digital circuit integrated in the same die.

As depicted in Fig. 5, the semiconductor device in which the

device under test is sensed comprises a temperature dependent
current source and a current mirror to inject the current in

the drain contact of the DUT. The device further comprises a

circuit to fix the operating voltage at the gate of the DUT

(bias of the DUT) , whereby this circuit is realized by a

bandgap reference. The device further comprises a comparator
and a fixed reference voltage to be applied to the

comparator. It is also important to notice that the

dependence in temperature of the DUT can be balanced using a

current with the opposite temperature slope. Then the current
would be generated with a PTAT and a Vbe circuit, such kind
of circuits are usually used in temperature sensors and
bandgap references. The combination of the output of the PTAT

circuit and the output of the V^e circuit would allow to
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achieve the desired slope of the current that is to be
injected in the DUT. The PTAT circuit provides a current ..

proportional to the absolute temperature and the Vbe circuit
provides an output proportional to the voltage drop between
the base and the emitter of a bipolar transistor. As it can
be seen in Fig. 5, the generated current would be connected
to the input of the current mirror in the place of the ideal
current source. The input of the circuit would be the
terminal corresponding to the well connection of the DUT.

The proposed invention uses a bias voltage of the DUT to
provide a gate-source voltage drop a little bit smaller than
the threshold voltage value for the nominal and the slow
status of the transistor. By doing so, in slow and nominal
status the DUT is working in cut-off regime. When Vf changes
and reaches smaller values due to short channel effects or to
the fast status, the DUT works in saturation regime because
the voltage bias at the gate of the transistor is bigger than
the new value of Vf In this scenario, the resistance
introduced by the transistor in the current path changes and
therefore the output of the circuit at the drain, which is
connected to the input of the comparator, also changes.
Applying a bias voltage to the well, the Vt is shifted to the
desired value, the transistor is forced to work in cut-off
regime again.

The simulations results depicted in Fig. 6 show the inputs of
the comparator in dependence of the well bias. It can be seen
that if a reference fixed voltage value of 600 mV is used to
determine if the value of the threshold voltage has changed,
only the cases in which the NMOS-DUT is in fast status are
detected. In the other cases, the output of the test circuit
is higher than the reference voltage. It is interesting to
notice that the circuit is sensitive to the status of the
PMOS transistors used to implement the current mirror.
However, this sensitivity is low enough to allow a detection
of the fast status of the DUT. The stability in temperature
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has been also checked and the required slope in temperature

to balance the dependence of the DUT has been also obtained

and injected.

5 Fig. 7 illustrates the simulation results of a configuration

in which the current is generated with a bipolar transistor.

Such configurations allow a compensation of the temperature

dependence of the DUT. This effect is due to the opposite

sign in the temperature coefficient between both devices.

-10 However^ it is~necessar-y---to..-use a start-up circuit to

properly start the generation of the injected current. The

detection is also established when the DUT is working in the

fast conditions. It has been also checked that this solution

allows a good behavior in temperature.

15 -

Taking into account that the corresponding coefficient in

•temperature for the diodes is opposite to the .sign in the

DUT, a configuration using a diode to generat'e the injected

current would be also possible. Nevertheless, a start-up

20 circuit would be also needed to start the generation of the

current. As in the previous examples the detection can be

established with a voltage reference of 600 mV, see Fig. 8.

Further, a good temperature behavior can also be obtaineid.

25 The closed loop operation is carried out connecting the

output of the comparator to the chip enable input signal of a

negative voltage generator (in the case of NMOS DUTs)

.

Typically this negative voltage generator can be a charge

pump. The output of the generator is directly connected to

30 the well contact of the DUT as depicted in Fig. 9.

By means of the proposed invention, it is possible to adjust

the threshold voltage of the device under test (or a set of

devices under test connected in parallel) using a voltage

35 reference fixed for any kind of working temperatures or

operation conditions. The well potential for the device under

test is shifted up to the point in which the sensed V^s is
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equal to the reference voltage value. The use of a circuit
like a charge pump would allow the generation of the required
bias voltage.

/
/

/

I

r

/

/
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Claims

1. Semiconductor device comprising
- a test circuit containing at least one transistor as a

5 device under test (DUT) having a drain (2), a source (1), a

gate (3) and a channel region (4) under the gate (3) between
the drain and the source in a well (5) with a short channel
length,

- a reference circuit providing a fixed reference voltage
10 value,. .....

- a bias circuit applying a bias voltage to the gate (3) of
the device under test (DUT)

,

- a current circuit providing a fixed current to the drain
(2) of the device under test (DUT),

15 .
- a comparator circuit comparing the voltage at the drain (2)

• of the test circuit with the output of the reference circuit
and providing a comparison result.

2. Semiconductor device according to claim 1,

20 characterised in that,
the bias voltage applied to the gate (3) of the DUT is of a

value close to the threshold voltage value of the DUT.

3. Semiconductor device according to claim 1,

25 characterised in that,
the bias circuit comprises a bandgap reference circuit.

4. Semiconductor device according to claim 1,

characterised in that,
30 the current circuit comprises a current source and a current

mirror circuit connected between said current source and the
drain (2) contact of the DUT.

5. Semiconductor device according to claim 1,

35 characterised in that,
a well potential generator for generating a well potential is

provided, said well potential generator being coupled to the
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output of the comparator circuit receiving the comparison
result as an input and to a well contact of the DUT for.
applying the well potential as an output.

6. Semiconductor device according to claim 5,

characterised in that,
the well potential generator applies the well potential to
the well contact of the DUT when the received comparison
result indicates that the output voltage of the test circuit
is sma1 1er tha n__the_o_utp.u.t___v_oItage_Qf the „reference _c.ir_c.u i_t-.

7. Semiconductor device according to claim 6,

characterised in that,
the well potential generator provides a well potential up to
the point in which the received comparison result indicates
that the output voltage of the test circuit is equal to the
output voltage of the reference circuit.

8. Semiconductor device according to claim 5,

characterised in that,
said well potential generator comprises a voltage source for
providing a fixed potential to the well of the DUT and the
well of further devices of a digital circuit wherein said
digital circuit is integrated in the semiconductor device.

9. Semiconductor according to claim 5,

characterised in that,
said well potential generator comprises a charge pump as a
voltage source.

10. Method for detecting variations of the threshold voltage
Vt in a semiconductor device in sub-micron technology
comprising a test circuit containing at least one transistor
as a device under test (DUT) having a drain (2), a source
(1), a gate (3) and a channel region (4) under the gate
between the drain and the source in a well (5) with a short
channel length, said method comprising the following steps:
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- providing a fixed reference voltage value by a reference

circuity
- applying a bias voltage to the gate (3) of the device under

test (DUT) by a bias circuit,

5 - providing a fixed current to the drain (2) of the device

under test (DUT) by a current circuit,

- comparing the voltage at the drain (2) of the test circuit
with the output of the reference circuit and providing a

comparison result by a comparator circuit.

. ... 10 .

11. Method according to claim 10,

wherein the method comprises the step,

providing a well potential to the well of the test circuit
when the output voltage of the test circuit is smaller than

15 , the output voltage of the reference circuit until the output
voltage of the test circuit is equal to the output voltage of
•the reference circuit.
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Summary

Semiconductor device for detecting and adjusting a threshold

value variation

The present invention generally relates to a semiconductor

device and more specific to a semiconductor device for

detecting and adjusting threshold voltage variations of an

integrated semiconductor device implemented in sub-micron

_t.e.chno.lo.g.y.,_ i,e. ..transistors, and a method related thereto.

To adjust the threshold voltage variation induced by the

fabrication process in the semiconductor a comparison between

a device under test and a fixed voltage value is proposed.

According to the invention, a constant current is injected in

the transistor and the gate-to-source potential is fixed by a

bias voltage. According to the comparison result, a well

potential is provided to the semiconductor device to adjust

the threshold voltage.

Fig. 3





S2028

1/9

FI6UBE 1



S2028

2/9

V A
t

Short Channel Effects

0.1 1 TO
—^C^^^^l Length-L (jum)

Log. scale

FIGURE 2



3/9

Current

Source

Well

Contact
Bias of

theDUT

Result of the

Comparison

Reference Fixed

Voltage Value

L

FIGURE 3



S2028

4/9

Well Potential

Generator

Current

Soiirce

Well Contact
Device Under

Test

Bias of
theDUT

Connection to
o the Wells of the

Digital Macro

Reference Fixed

Voltage Value

ST'

I

FI6UBE 4



S2028

5/9

Temperature

—dependrart—
current

Vinput
WeUBias

Bias of

theDUT

S7

Detection of Vt
variations

Reference Fixed

Voltage Value

FIGURE 5



S2028

6/9

C S. Corn"?.-* ct 150C-,

t.1'0

1.00

D»J? one ?HOS Sloi*

f

.1

DiJT Slovk .-^n.; PMOS f^re

:

\ !

\r-.

DUt and PM03 rost

-2.0
dc < y >

$^40 Vt shtti towards
|

k I rial I values
j

peteciion ol*

jVt shift

/

FIGURE 6



S2028

7/9

1.20

FIGURE 7



C f

S2028

8/9

1.20

> 600rn

200m

kV00

* -
~ " — ,

*-* *

\ x >^

t

• *

\ •

I

*
•

f
DUT Slov/ r

* •

« * •

\ *

[ DUT anJ r
•

• •

*

*

c

'MOS SIO'^ ..

1

•

jReference
!
I

4

J t ;
1
* •

i f

\
1

1

dc ( V >

0.0

FIGURE 8



9/9

Negative

Voltage

Generator

Current

Source

Connection to

the Wells ofthe
Digital Macro

3^ Bias of

theDUT

Reference Fixed

Voltage Value

x7 S7

FIGURE 9



THIS PAGE BUNK (USPTO)


